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ABSTRACT: Novozym@ 435-catalyzed transesterification of ethyl 
4-hydroxy-3-methoxy cinnamate (ethyl ferulate, EF) with triolein 
to form the ultraviolet (UV)-absorbing lipids monoferuloyl- 
monooleoyl-glycerol (FMO) and feruloyl-dioleoyl-glycerol (FDO) 
has been conducted using supercritical CO, (SC-CO,) batch re- 
actions. The alcoholysis of 0.1 M EF with 0.1 M 1-octanot in SC- 
CO, to form octyl ferulate was used as a model reaction to opti- 
mize pressure and temperature conditions. Conditions ranging 
from 45 to 80°C and 10.3 to 34.5 MPa (1,500 to 5,000 psi) were 
tested with a maximal conversion of 53% of the EF being 
achieved at 13.8 MPa (2,000 psi) and 80°C after 24 h. These op- 
timized conditions applied to the transesterification of EF with tri- 
olein effected a combined FM0 and FDO yield of 69%. Triolein 
exhibits higher solubilities in SC-CO, at higher pressures; there- 
fore, the transesterification was performed at 80°C over a range 
of pressures from 13.8 to 34.5 MPa (2,000 to 5,000 psi). Results 
showed that a maximal yield of 74% of FM0 and FDO was 
reached at 80°C and 24.1 MPa (3,500 psi) after 48 h. Compared 
to the FM0 and FDO synthesis conducted neat or in toluene, the 
synthesis of the UV-absorbing lipids in SC-CO, affords higher 
yields within a shorter amount of time. Therefore, the transesteri- 
fication of EF with triolein in a SC-CO, batch reaction is a viable 
route to UV-absorbing lipids that could be used as active ingredi- 
ents in sunscreen formulations. 
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We have previously reported a lipase-catalyzed route to fer- 
ulyl-substituted structured lipids (1). These lipids have been 
engineered to function as all-natural sunscreen ingredients 
(2), possessing the proper ultraviolet (UV) absorbance (290 
to 375 nm) characteristics of a ferulyl moiety and the water 
insolubility of a lipid. Currently, the formulation of these 
UV-absorbing lipids as active ingredients in common sun- 
screen lotions is being tested [collaborations are currently 
underway with Flavor and Fragrances Specialties, Inc. (Mah- 
wah, NJ) to formulate soy-based sunscreens into topically 
applied lotions]. The synthesis of these structured lipids is 
industrially attractive since the transesterification can be con- 
ducted neat, without the use of solvents, and at moderate 
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temperatures. Purification of these UV-absorbing lipids con- 
sists of simply removing the enzyme-support from the reac- 
tion by filtration. 

One concern, however, that could impede the industrial de- 
velopment of the described lipase-catalyzed synthesis is that 
5 d are needed for reaction to reach completion. Also, to con- 
duct the reaction under neat conditions, a 3: 1 lipid-to-ferulate 
ratio is needed to provide enough solution volume to stir the 
suspended enzyme-support. This high lipid ratio reduces the 
concentration of the UV-absorbing lipids formed in the final 
reaction mixture. The lower UV-lipid concentration in the 
final reaction mixture would result in a lower weight percent- 
age of UV-absorbing lipids as the active ingredient when for- 
mulated into a sunscreen lotion. 

In previous studies, toluene was used as a reaction medium 
to enhance the mass transfer kinetics of the lipase-catalyzed 
transesterification of ethyl ferulate (EF) with triolein (1). The 
addition of toluene to the reaction allowed the use of a 1: I 
EF-to-triolein mole ratio and halved the time needed for the 
UV-absorbing lipid synthesis to reach equilibrium. The use 
of the organic solvent, however, decreased the yield of the 
UV-absorbing lipids and introduced undesirable aspects to the 
sunscreen synthesis such as isolation of the product from the 
reaction medium, residual solvent in the product, and solvent 
waste disposal. Consequently, we have explored the use of 
supercritical CO, (SC-CO,) as a benign alternative to using 
an organic solvent as the reaction medium (3,4). 

SC-CO, and its critical point characteristics of 3 1 “C and 
7.6 MPa (1,100 psi) make it a suitable medium in which to 
perform enzyme-catalyzed reactions (5,6). More specifically, 
the commercially available lipase, Novozym@435, has been 
shown to remain fully active up to 100°C and at least partially 
active for 14 h at 140°C and - 15.2 MPa (2,200 psi) in SC- 
CO, (7). In addition, compared with organic solvents, SC- 
CO, has the advantage of being nontoxic, nonflammable, and 
it leaves no residual solvent in the reaction products. 

The present study examined Novozym@435-catalyzed 
transesterifications of EF with triolein in SC-CO,. Reaction 
conditions were optimized using the alcoholysis of EF with 
1 -octanol as a model reaction. Triolein was chosen as a repre- 
sentative triacylglycerol (TAG) for use in this study in place 
of vegetable oil to simplify the analysis of the reaction prod- 
ucts. The lipase-catalyzed transesterification of EF, however, 
is not limited to triolein, and a patent application has been 
filed claiming the synthesis and potential sunscreen use offer- 

Copyright 0 2001 by AOCS Press 43 JAOCS, Vol. 78, no 1 (2001) 



~op~?a1 luanbasqns 103 lu!od ?mp qua .1o3 parulo3md SBM le!l~ 

auo Lluo ‘a.ro3aJaql :aspa.ld a.taM s!siCleu~ pue a1npazoId puam! 
-1adxa aql leql palmpu! s!q~ ‘O~,ET rClleD!dLl SBM uope!Aap plop 

-uels ahgeia-’ aqL 5iuaumnsearu aa1qi aqJ30 uvatu aql~uo13 uog 
-r?!Aap p1r?pue~s aqi aitmpu! s1eq loua aqi aI!qM ‘sle!.tl aleledas 
aa.lql JO pla!/( a%am aql wuasa1da1 $u!od elep q3,ea ‘~2 am&d 
u! umoqs s! (!sd 000‘~) t?dm ~‘02 le paLu1o31ad suopXa1 qnEq 
zo3-3s u! gg 30 s!si(loqoDlc aql uo 13a33a a1nlmaduIal aqL 
.stio!miuamo3 1aleM 1aMol le ammu1opad s,aru/(zua aqj iCpn]s 

0~ apelu 92~ 3Joga 0N ‘( 1) s!s/clolp/cq pasva.m! u! BupInsa1 LJCJ 
30 s!sQoqozp2 aql 01 snoyala[ap SBM lalw leuog!ppe leql rClsn0 

-!Aald UMOqS SBM 11 .uopmpo1d v+J og,s’[ ueql ssal u! pallnsal 

‘CJEPo”XZOAON aq4 JO iuaiuo:, .taleM (lq%!aM /Iq) %Z 01 [ aq3 JO 

amanbasuo3 IZ ‘da 30 s!sLlolpLq paluomun aqL .uopDv1lxa luanb 
-asqns pur! uopez!.mssa1dap 8u!1np isol IOU alam V+J pue ‘do 
‘da ieqi parunsse serM i! ‘aJoJaJaqL ‘[la3 uop3ea1 aqj ~013 ~2 30 
LiaAo3a.l a~gel!~uenb pahioqs aru/Czua inoqi!M $J JO %~!ls!suo:, 
zo3-3s u! uopDeaJ ~o.~o:, I! 30 s!srCpu12 3TdH ‘( 1) auanloi u! 
dg 30 uo!s1aAuo3 lunlu!xelu aql Zu!u!elqo ~03 suo~~~puo:, lemg 
-do aqi aq 01 pal1oda1 /Clsno!Aa.Id SBM ($J uo passq) at.uXzua 30 
iua[m!nba iq8!aM l /(q paz/(lem loutmo- [ 01 dg 30 0pe.1 mlom 
I:1 ‘d ‘SUO!l3Eal q3lCq pG%ll!lS U! ‘03-3s U! SEP&ll~ZOAON 

ql!M paZ/ClElE3 SCM do UI.lOJ 01 lOUt?l30-1 qJ!M +JYJ JO 

s!si(loqo3fe aqL ‘suoy2vaA fplvq zo3-3,y UT +~gJij s~sXpxp~~~ 

NOISSn3Sla aNV s11ns3Il 

.sa!zads aa1ql lie 30 ea.m yEad loom 
aql 01 ease ygad go aql30 oge1 aSmaD1ad aqi SC palepmlez 
aq 01 spla!L ~0 aiwmm %x!~o~le ‘uo!iDeai aqi 30 asin arut 
aql IaAo luelsuo:, pau!emal scale ysad V+J PUB ‘~0 ‘+~a aql30 
wns aqL wu 09E ie pavalap (vd) p!3e 3gnJaJ pua ‘do ‘gg Jo 

eale yead [EIO~ aql uo pas-eq pale[mpm alam suopDva1 s!s/cloqo:, 
-1~ aqllo3 spla!/( (go) aJalnla3 l&o ‘(1) paq!map uaaq Llsno 

waqwnu 
lled pue sminlzw$nuew JOJ UO!IXS saJnpa3oJd leluau+adx3 aq4 aas 
,aSu!hs asu!, = sa !Aa.u!ls 9!lau2elu = SW llaqqnus = s !sahleh ~a~35 

= E ‘z ‘L-AS !aZneZ amssald = gd !la$eaq = H :aldnoI pxUJay$ = 31 !JO) 

-epSa~ .~!e = xv tdumd p!nb!l = dl !>[uej zo3 p!nb!l = 3 :j!un 43s a] 
-g&j suo!)eAedss pa!lddy pag!pow (8) .puefZ (6) !Znld Iemu (8) !Snld 
uolJal (L) !JeqA!gs (9) !Apoq Jaqqnus (5) !Zu!J-0 (b) !puelZ pa!g!pow (E) 
!j!Jj le&Xu (5) (pray Jaqqnus (1) :JaqqnUS a8ne8 a.mssaJd-@!y ‘pa!j!pOW 

(\J) ‘suog3eal qsieq (zo~-~s) 2o3 leI,!l!madns JO$ snweddv ‘1 313 

6 

(LOOZ) 1 ‘OU ‘8L ‘IO/l ‘S3OVl 

-!Aa.ld aheq dg 30 suo!mai uo!le~g!lalsasueq pue s!sicloqo3 

-le aqi 30 sas&ue 3?dH aqi ~03 spoqiaw ‘sasIcpuv 37dH 
.s!s/c1wm 37dH alo3aq (slal 

-I!3 aWl/(s daAd 3x i 3qoqf ueu-qa9 LM-I SVO) palaiiy 

pue auoiage u! 7~ l 01 pampp uaqi SBM i3elixa aqi JO lonb!le 
?ri 001 V ‘U!ul OE 104 %u!.I.lps ql!M auoia3e 30 qlll O’S ql!M 

pawzlixa alam Ila:, uo!icval aqi 30 siuawo3 aqi ‘u!alo!Ji qi!M gz 
30 suo!maJ uo!imy!laisasueli aqi iod .s!sLleue 3TdH a103aq 
(q3!lpIV-auB!s tslaily a%t!lLs JaAd 37s 1 3s!poJ3v uauqaf) 

mrl sp.0) palall! pun louc?qla snoanbe O~OS u! TLLI z 01 palnl 
-!p St?M wlixa aqi 30 lonbqr! Tli 0 l V ‘U!Lu 0s 103 %I!.LI!lS ql!M 

lowqa 30 Tru 0.5 qi!M pai3elixa alaM /la:, uog3eal ayl JO slual 

-uo3 aq3 ‘Iouwo- 1 qi!M dg Jo suog3eai s!siC[oqoDle aqi 10~ 
‘(I ‘%!d) c pUI2 Z SaA[t?A Ma13 

q%nOlqlzo3 aqi 8u!iuaA dq paz!lnssaJdap SBM Ila3 .tolzeal aql 

‘dllsug .(s,sz-) a1nmadLual lua!qum 01 loo3 01 pamollr! pue 
(1 ‘Shd) l ar\ler\ Mam %.~!solg /(q palelos! uaql sv~ Ila3 101 

-3BaJ aqL .amp 30 iunomr! paiauZ!sap r! 103 paiigs a1aM suog 
-38a1 aqJ, .alnssald pai!sap aqi 01 palsnfpc SI?M zo3 aql uaql 
!u!m 0~ .103 amgmadmal paIlsap aql 01 alv1q!l!nba 01 paMoI 
-le pue ‘l!un ag-gds aql olu! paqurnld ‘paleas SCM Ila3 uog 

-3Eal aqL ‘1Eq .I!lS UOLJaJ, l? put? ‘SEP #l/cZOAON %I [ I [ ‘(7T-i 

pgp) u!alo!.ii 10 (7ri z.6~) loue~o- l 30 iunoum alom-lenba LIE 
‘(lomm 05.0) dg %UI I 11 qi!M papeol sz~ [la:, uog3ea.r aqL 

.uaAo l!un ag-ads aql ap!su! aleld .I!IS ~,pau%m T! aAoqu 
paiunour Lllm!ilah ~I?M [la:, palqutasse aqL .(gOSdH +j iled 
!uaau$ug aml3olnV) puel8 pa!3!poLu t 1(q ageld u! plaq pue 
(0 [ 5~90’-~~~~‘-000 [ # lied :~s ‘uol8uyx?~ “dlo3 lm$!inllr! 
-iam wol/v) I!13 laais ssalu!m B qi!M pay!polu SCM peaq Jaqqnus 
=kL ‘(@A!l~adsaJ ‘9 I E-OtidV Pue 9 I E-OP XIV Vd # 11ed h’d 
‘a!Jg ‘siaau!%ug am[goinV) Bnld pue pu~l8 p! q]!M pua auo uo 
leas (SD-PdH1 E-K # l-&j flN ‘WA MW WM ‘d!nb!uraqa) 
laqqnus a%ne~ ainssald-q%q ‘pay!pom i? SBM Ila:, uoy 

-3val~-s au ? I %I) vund3s aa-ads (vd ‘uMoiuw& 
suoge1edag payddV LIE 8u!sn paw1o31ad a1aM suo!mal qwzq 

“03-3~ pal.I!is aqL ‘(6) ‘1” la uosoii~ /(q pal1oda1 uo!siaA 
pay!poLu t? SBM suopc%?ai qw?q “03-3~ aqi ~03 pasn snje.mdde 
aqL .zo3-~s ul ~~JcI uopwzJjdaisasuw4 yuw spCptp~~v 

‘(vd ‘uMolua[~V) ‘3lq ‘sl3npo.ld -‘iv LuO.IJ pau!ei 

-90 SBM (amd oj&j&j’&j<) ‘03 apTi? (ass) uo!m?iixa la3!1!.1:, 
-1adns/(g)s) p!ny leDg!madns ‘pau!elqo SE pasn pue sluaZka.1 
apt?1%(3TdH) i(qde.Goletuo1q3 p!nb!l amewlo31ad-q8!q a1aM 
(qz!iplV-m+s) lou~qsaui pm ‘[ousinq-u ‘louuqla ‘alguola3e 
‘auoia3V ‘&f7- la paiols pur? salnodum palcas u! paseqgmd SBM 

(NN ‘ue!sLlg ‘dald-yaqa-nN) u!a[o!JJ, .aIaqdsoum ua%oii!u 
12 iapun paiois pue saAa!s lelmalom paim!m iano pa!lp SBM 

(qg!lplv-eu&s) louel~o-1 ‘wntmr\ lapun palem!sap jday pw 
(oI/v ‘s!noT 2s) q3!1plVt7’-mu2hs mo13 pau!eiqo sm &I) aplu 
-L’UU!3 /(XOqlalU-E-/(XOlp/(q-9 IAqla ‘(3N ‘UOlU!l~Ut?.@ lS!plON 

OAON u.10.13 paseqcmd SBM (iq%!aM Aq) obz 01 1 30 1ual1.10~ 
ialm E ql!M (vng~fviuw vp?pzdv2) SEP~UILZ~A~N .slwyJafwM 

S3tifla330Hd lVlN3WlMdX3 

‘(8) SI!O eloue:, pue ‘~103 ‘ueaqi(os 8u!pnl3 

-uj ‘sl!o alqcla8an 30 /(la!.nzA E uo paseq DvL painiysqns-I/Cln 

3NlY ‘M’f CINV NOldW03 ‘1’0 Pt 



(LOOS) 1 ‘OU ‘8L ‘PA ‘s30vl 

-pold-i(q paiap!suog qioq ‘+JCJ pawalun pue lolaAl [IClniaJ 

alaM uogwy!.ralsasuw aql FIu!,np pauplqo sa!3ads %u!qlosqv 
-in .lno3 aqL ‘( 1) auanlol u! .IO leau Jaql!a pam.xo3Jad suo!le~y! 
-.Ialsasuwl aqi 8u!inp pau!E)qo asoqi 01 lwguap! aJaM spnpold 
aqi ieqi paiwpu! s!sLpiwe 37dH ‘suogDea1 qneq paiigs u! 
zo3-3s u! pawo3iad alam SEP~WLZOAON Icq pazLple3 u!aIo 

-!ii pur! da 30 sainsx!m JEIOW I : 1 30 uogwy!iaisasuw aqL 
.ainix!m uo!iDvaJ lvuy aql u! sluar\los r~~ue~io lvnp!sai /cq pas!eJ 
Alsno!Aaid suia3uo3 /(ig!xoi saw+ula pue u@Iaq @iuamuoJ 
-!,tua s! i! asnwaq u!alo!n qi!M ~3 30 uoge~y!Jaisasueii ~tqow 
-lenba aqi .103 rutvpam IEap! ur! aq plno:, zo3-3s .a[qw!sapun 
s! ainix!w uo!wai leuy aqi u! iuaAlos lwp!sai puv ‘iaM SBM 

oad puE omd 30 pla!/C lle.raAo aqi ‘JaAaMoq !p s- 01 palaM 
SBM alug uo!iDeai aqi ‘wahlos c~!ue&o aqi UI uuupam uo!peaJ E 
se auanloi ql!M opw a[oLu ~~-oi-u!alo!.J1 [ : [ I! %u!sn pawo3iad 
aq UKJ uop3vai aqL wau palgnpuog uaqM tun!lq!l!nba qDvaJ 01 
p s- yooi uorwai aqi ‘oslv .ainix!ru uo!icwa~ leuy aqi u! oad 
pue O~+J 30 suogwua3uo3 iawol u! Qilnsai ‘ieau uop3eai 
aqi wo31ad 01 papaau SBM ogy+ alolu dg-ol-u!aloy [ :E e $t!ql 
~I?M s!saqiutCs oad put2 omd paq!iDsap /([sno!Aaid aqi 30 a19103 
v ‘pai!sap s! a.wx!w uogccal lauy aqi u! oc[d put2 ofid 30 
aEkwa3Jad iqF!!aM alq!ssod lsaqS!q aql ‘lua!pa.t%u! ar\gze ohs l 
8u~u~e~10~ uogol uaalzsuns les!d/(l B olu! a.nux!w uopzsal leuy 
aq4 30 uoyclnLuio3 aqi a1e1!1!3v3 0~ ‘suogalnwo3 uaaJ2suns u! 
uo!wy!lnd iaqvn3 inoql!m pasn pue lloddns-aw/(zua aqi u10.13 
palally aq /(ldm!s plno:, 0~ pue O~+J %u!u~two:, alnlx!m uog 
-38ai lwy aqi iaql pauo!s!hua s! 11 ‘( 1) @aA) lolasAlB-lICoalo!p 
-l/co[nla3 pw (-~r/\rd) lolacAl%-l/Coapouowl/(olnla3ouoru sp!d!l 
Bu!qJosqv-An aql saznpold suog3eaJ leau u! lo auanlol u! SEP 
o~L~O~O~ Aq paz/Clew u!alo!ii qi!M ~3 30 uopv3y!laisasutw 
aqJ .suo~lnwar yolwq zo3-3s u.1 +~gJil uoy@ia~sasuv~~ 

‘(Z I > W 000‘6 01 008) EdI O’Z9 ol S’S 
30 a8usi aql iano pawopad l!o ueaq/Cos 30 s!s/Cloia@? aqli?u! 
-1np ap!lan/(liIouom 30 UO!KXLLIO~ aql103 palJoda1 uaaq scq (!sd 
000‘~) r?dfi L’OZ- it? wnm!xt?ur pla!lC luapuadap-alnssald -lel 
-!LLI!S v ‘uo!veaJ aql 01 sno!Jalalap alam saJnssa1d iaqg!H $sd 
000‘2 Pue 00s‘ I) EdVJ 8’E I Puv E’O I uaaMlaq %P9- Jo Pla!A 
LLInuI!xt?Lu B paqXa.1 s!s~Ioqo3le aqL $sd 0~‘s 01 OOs‘l) edn 
S'vE 01 E'()l IJJOl3 %.I!%W sa1nssaJd lE q 8p 103 3,08 It? palUlOJ 

-lad SBM louel30-[ ql!m +JCJ 30 s!sLloqo~[e aqL ‘HZ air&d 
u! uMoqs s! da 30 s!s/CloqoDlr! aql uo a.xnssaJd 30 lga33a aqL 

./Ci!suap zo3 iaM 
aqi it2 saiwsqns aql 30 aiom JO au0 30 Li!l!qnlos pasea.w! 
aql30 azuanbasuog t? aq /CELLI 33a3.Ja s!qL ‘3,09 ‘SA 08 ]I? pau!vl 
-qo spla!A do laq8!q aq3 ugldxa IOU op sgpaug aw/Czua lalsy 
‘1aAaMoH '(L) saJnleladrual lay&q 112 salal uo!lXaJ .‘aq8!q 
wqtqxa SEj70WLz0~0N ieqi Moqs q3!qM sa!pnis sno!Aa.td 
ql!M lUXUaXi%E U! S! qD!yM ‘(Vz %J) a009 1E UlZy, 08 It? .l?UOOS 

wn!lq!l!nba saqDeaJ dg JO s!sLloqozlv aql ‘ahoqe paleis sv 
.paldwanv IOU alaM 

s!qi Bu!paa3xa saltuvladwal 1~ slualu!ladxa s!sLloqoalc puu 
‘3008aAoqelarMo~aqpIno~ &~!~xalu/(zua leqlpamnssese~ 
I! ‘aio3a.raqL ,110 UJOD 30 s!s/(loueqlaru aql8u!lnp ‘(!sd 00s‘~) 
cdl/y l’pZ le aOOs< ‘sa.~nwladmal laMo[ qww 3~ paqs!u!w!p 
s! SEP~LULZOAON 30 i(l!r\p~ aql leql paslodal aAcq (11) 2h)1 
pue uosyX?y .pau!walap lou set alui(zua aql30 l(~!np~e pa&o1 

-oJd aqi uo sa.uueladlual iaq8!q 30 iDa33a aqi ‘Jar\aMoq t(~) 3,Og 
aAoqt? ai\p3a u!emal 01 pauodal uaaq seq SE*~LU~ZOAON 

.(vZ a.&g) saw s!sLloqo3Ie pahjasqo aqi qi!M 
iuaysuo3 s! q3!qM ‘Li!r\px auhCzuaJaMo1 aAeqp[noM ~~09~ 
sawwadmal 1~ pawo3lad suo!l3eaj ‘aio3a.raqL .uo!lexald 
-u103 aiwn2q.w~ iel!w!s 08iapun osle plnoM ~~pornLzo~o~ 
ieqi awnsw 01 alqeuoseaJ s! iI ‘(01) 3,09 ar\oqe saw 
-vJadrual jr! pais!xa ased! pur! “03 pale!zoss!p Lpsow aI!qM 
&OS Molaq sa.we.tadwal 1~ uoyxalduto:, aw.uvqJv:, 10~~3 01 
uMoqs set vanw.4pu~yk.3 3 uro.13 awdg v Q1)amrCzua pale!3 

-oss!p aqi ueqi anp3e ssa[ aq 01 pamnssr! aiaM q3!qM ‘saxaId 
-UIO~ asedll-a1eureq.w 30 uo~w1.1~03 aql uodn luapuadap aq 
/(sm “03-3~ u! l(l!r\!l~ asrzd!l 30 salt3 le!l!u! aql lI?ql UMoqs 

uaaq ssq 11 .IClaAp3adsai ‘spla$ obps pue fjp u! %u!l[nsal 

‘3&3 le q ?JZ pue 3,09 le q 89 Jaye wn!lqgnba qXa1 pip s!s 
-Lloqo3lr! aqi leqi ‘lalzamoq ‘skioqs vz aln8!g .paAa!qx sem 

~0 30 p/al/C % 1 p 1! /([UO aLLI! qxqM 1~3 ‘q 96 ui urn!lq!l!nba 
qcwal IOU p!p s!sLIoqo3le aql aOsp IT! pawo3lad uaqM 

‘1 w&j aas uo!v+a.iqqe ~04 ‘-J~O~ le ‘03-3s u! ~g~o~ho~o~ 
jo ZUJ 0~ 1 Xq pazAle4e3 louei30- 1 W 1.0 ~I!M aielnlaj +yia W 
1.0 fo s!sXioy031e aql uo isaga aJnssa)d (8) ‘sley aaJy$ ~0 wnLu!u!ul e 

10~ uoyeyap plepuels aqi alouap sJeq 10~13 ‘x0(*) SP pue ‘(w) 09 ‘(0) 

08 PUP (4 000’0 edW L’OZ ie ‘03-X u! (3N ‘uolu!lyueJJ ‘ys!PJoN 
0~0~) S~~~UJAZOAON jo SW 01 1 Aq pazXleie3 Iouei30-1 W 1.0 qi!~ 

alelrua$ $q$a W 1’0 40 s!sx[oyo31e aqj uo jIa#a aweladwal (V) ‘Z ‘31~ 

(e&q) anlssa&j 

Of 02 01 

. 

96 ZL 8P PZ 0 

SP 

OS 

5s g 

3 

09 

s9 

sti SN33WSNnS Cl39’~-N13101~1 



(LOOS) 1 ‘Ou ‘8L ‘lo/\ ‘S3OVf 

-1!3q 01 papaau s! o!w ~3-0i-u!alo!4 t:F: v ‘4 PPL Aaye “/;,ff $0 pla!A um!lq!l 
-!nba oad + 0~3 e su!el)e uo!~ex!yJaIsasue~i ay ‘1 axadajay u! paq!dxaa, 

PL Zb 19 p(o/o) pialA oa3 + ow 
8P 8t7 8b b-l) au!1 
08 09 09 (3,) axw?Jaduial 
111 1:t LE qw Jyu!ap!‘l 

s203-3s ,suanlol p+4 

quaqo~ sno!.u+ u! 
pJlU.lOj,l~d u!alo!.il l#M .JZ jo uo!~e3!j!Ja~SJSuP.1~ JqJ j0 uos+dtuoy) 

1318Vl 

papuadsns aq 03 lloddns-alu/(zua aq1 ~olla 01 O!IE.I da-ol-u!alo 
-!JI 1 :c c paJ!nbal uo!paal luau aq3 JO sD!ueq3am aql ‘oslv IIO~ 
-3va.1 auanlol aq3 u! pauTe3qo 1vq1 usql laq9!q samg L’ 1 s! pla!i( 
oad pue oI/Vd pawqwo3 aq3 q&oql uaha alqa!A Ljlegsnp 
-u! aq 01 Suol 001 aq AWLI u.m!lqg!nba u!elle 01 uog3ea1 lt?au aql 
1oJ papaau ayi au ‘OhLL JO pla!L oad pw omtl pawqmo3 
E LI! 2hpInsaJ ‘p s laye u+q!l!nba payDeal uoge3y!lalsasueq 
luau aql ‘l(llmwaA~ ‘( I) paAa!qDr? sm q 8p JalJB 809 - ~0 pla!X 
oad pur! 011\1tl pawquro3 e q3!qM %u!mp (3009) ieau suo!3wy! 
-lavasueD aqi Su!wopad Icq awo31aAo aq plno:, 1uaAlos ~!ue8 
-10 ue ~0 am aqL 3!saywCs aqi Jo mys!lai3e.n2y:, ,,~a.weu-~~~,, 

aql %upek?au ‘impold lr?uy aql u! lJa[ 1uaAlos lmp!saI JO anss! 
aqi sampow! osle um!paLu uop3ea.I aql se auanlol Bu!sn 

3uopv3y!1aisasuw sno!mA 
ayiJo isaM aqi s! q3!q~ ‘q ZL .IalJc %9p~o pla!/( u+qg~nba 
oad pue OI/VJ pautqwo3 E paq3eaJ rClpi!nwaAa auanloi u! uop 
my!iaisasutm aqL ‘(1) %Zp Quo sm (a009) q 8p lays pla!/C 
oad pw OI/\I~I pau!qluog aql ‘U!aioy 01 gg ~0 open I : I v JO 

asn aqi s~ojlr! auanloi ~0 uop!ppe aq3 q%noqiIv ‘auanjoi sayoh 

-u! suogdo Dpaqlui(s asaql JO aA!m.uie lwal aqL ~pla!i( oad 
pur! 0Nd pawqluo3 i!aql pur! sluahlos sno!ivA u! u!alog ql!M 
da JO suope~yyalsasuw ayl saledluo:, l alqvJ .acug JO lunomr! 
alqwoseai B u! wn!iq!l!nba qxal pm ‘wayos JO p!o~ aq 
‘spla!/( oad puv OI,QJ aql az!m!xew ‘aldmls aq plnoqs oad 
pue om/\lt~ JO s!saqiuk aqi ‘aAg334ie /cllv!asnpu! aq 0~ 3uogol 
uaamuns u! iua!pa.Gu! aA!m ,,ltwwu-1I~,, ut! se paielnwoJ 
aq UB~ q3!qM ‘o@J pur? old JO suo~~i?ma3uo3 alq!ssod Isa 
-q%!q aql i3u~u!eiuo3 ainix!m uo!maJ leuy I! u!qqo 01 s! u!a[oy 

ql!~ ~3 JO uo!my!~alsasueq aqj Fh!z!urgdo jo asodmd aqL 
‘sluanps SlloLltM UT suop@4alsasuD~l &GJJi> uos&mcho-J 

‘Y 8P 103 Edt’J I ‘PZ PuE 348 a&’ U!a[o!Jl ql!M tI3 Jo uo!l 

--e3y~iaisasuwi aql .IOJ suo!1!puo3 lamgdo aqi ‘aJo$alaqL ‘edI/\I 
l ‘pZ v % I p JO lunlu!xtw E paq3ea.t pja!L oad aql al!qM a.ms 
-said %u!sea.m! qJ!M O~SE 01 EC LLIOJJ paseamu! LliqS![s pla$ 
OINd aYL ‘3008 Pue (!Sd OoS‘E) edl/\l I ‘~2 lc ‘%PL ‘Oati Put! 
O~~JO pla!i( pau!qwo3 leu~!xeur e paq3eai s!saqiu/(s aqL .u!alo 
-!-II qi!fi dg ~0 uo!my!Jaisasue.u aq3 Bu!inp oc[d pur! and JO 
pla!/C um!Jq!l!nba aql uo a.mssaJd Su!sr?amu! 30 pajJa aq smoqs 

8E alnS!d .oad pue OIIvd Jo pia+ ile.kaAo aql SB IlaM se syau 

-!y s,awLzua aqi iDa#v pIno amssa.rd aql k?u!scalm! /(q amlxrw 
‘03-3~ aqi LI! u!aIog JO uo!it?.wamo3 aql3u!seamq ‘(E 1) (!sd 
009‘0 edI 8’-bZ le “X E-O I x SZ’S 01 (isd OOO‘Z) edI/V 8’E I 18 
OLX p-O I x OS’Z LLIOIJ amssaid %u!st?alm! qi!M sawaim! (OLx 
‘z~3-3s u! u!aIo!ll JO uopm~ alour aql SI? pa1loda.r) “03-3~ 
U! U!a[O!.lJ JO @qn[OS aql ‘JaAaMOH ‘U!alO!Jl ql!M da JO UO!lL’:, 

-y!laisasuw aqi 01 pagddr! alam suop!puo3 uop3eaJ asay ‘alo4 
-aiayi :3,@3 pm (!sd OOO‘Z) E,JIhJ 8’c [ lr! wnm!xzw pIa!/c e slI!ej 

-Jr! lOlll?PO- l ql!M dg JO S!S/C[OqO3[l? aql ‘aAOqt? passnmp Sv 
voddns ~~@~r! SI! IOU pue adz 

-Ua aql 01 palnq!lll~ aq U83 h!A!l3E 3!li(lElE3 aql PUE ‘SUO!l!pUO3 

uo!m?al asaqi lapun snoautwods IOU s! uogwy!la~sasum aql 
‘aioJaiaq3 lu!alo!.u qi!M da 30 uo!my!Jaisasuw aqi aiei!l!3ej 
10~ P!P SEP o~AzoAo~ ~0 saldweS (adm 1’0 ‘300sz) PaAv 
-0lnV ‘ObLE St?M qD!qM ‘Oad aql JO lt?ql UElll IaM i([lq%[S 

SW wn!lq!pba IV 04,~~ JO pla!i( 014d aq,l ‘q 817 lalp OL,OL 

40 pla!i( pau!quIo3 1! ql!~ um!lq!l!nba paq3eai 3,,08 pur! (Isd 
OOO‘Z) EdVJ 8’E I la oatI PUV oI/vtI JO S!SaqluLS aqi 1eq1 SMoqS 

VE am2g ‘lsalaw! JO smpoId aql ‘oad pur! OI/V+J pue ‘sm 

‘Y 8~ ~04 ~08 (9) Pue (!sd 000’~) edw 8’~ 1 
pup 3008 (V) ie ‘03-X U! Stb@a~~zoAoN jo SW 011 kg paz4ev2 
uq0!4 w 1.0 qi!M aielny IXqia w 1.0 40 uo!le3!g!JawsueJ~ ay3 Su!mp 
pw3qo ie) pawvo~ oad pup OWJ pup ‘(m ‘oa4 IOJ~~@-IWVP 
-I/(olnJa~ ‘(+ ‘ON-J) loJa~l(lB-IAoaloouow-I/iolnlatouow JO pIa!* *E ‘313 

- OL 0 I 1 ’ 08 

96 
0 

02 

-e 
Ob % 

3 0 

09 

08 

3Nl)l ‘M’i UNV NOldW03 ‘1’Cl 9b 



i 1005) 1 ‘OU ‘8L ‘PA ‘S3OVl 

[oooz ‘gl .~aqluala~ palda33u :OIJOZ 'LZ aunr paA!azaa] 

‘((j&j I) $-gS-LLS:fiZ ‘~OLnp~ ‘yo.l”,ll aullh~ 

'(zo3-3~)ap!xo!a uoq.rva [vy!.1~1adns u! h[!qvls ase[O.1p/(Hjo 
Lpfl~s v ‘.I.I~I/v 'a put ‘~ala8.1aqu!a~s ‘1.a ‘.~o%wl/y 'M “v ‘jncgJa!s .pI 

‘(1661) ~sL-E I L:OZ mua $0~ 'way3 xAyd y- ‘ap!xo!a uoq.rtg 
[wy.13.1adns u! i(~!ly?lo~ MOM jo sp!nb!y pw spgogjo sa!iyq 
-n[os‘auoisl!ys '+JD puu ‘.~aje~ 'v's ‘p.io~y13 yy “ay ‘ap.leg .El 

‘(966 I ) 9OL-669TL P?W ‘u!PW 
ap!xo!a uoq.in3 [c~g!.i~.radii~ u! s!si([o.ia3&) Aq sap!.ia@?ouo~ 
0~ sl!o jo suo!s.iaAuo3 ‘3sg '8.5 put %I!~ ‘~‘f “A ‘y[auraJ ‘ZI 

‘(966 I) 9SE-SSE:&L 
'00s 'waz/3 110 'tuy 'f ‘ap!XO!a uoq.Ie3 [c3!$y.IadnS 8U!MOld 
u! sl!o paas jo s!s6louvylaI/y ‘%I!~ '~‘f pur! 'yw ‘uosy3ul 'l l 

‘(S66 I) oz9-0 I9L9P ~~L’vfI 
puymio~~ isamhq /(~!pow QluapzA03 ap!xo!a uoq.uzz saoa 
,111 :spy+~ leggg.1adns pun slua,t[og ~!UL’XIO u! s!saqluLs qL[e 
-ie30!~ ‘I[assna y put ‘uuuq3agI ‘1.3 ‘i(alq3!.i3 ‘9 “s ‘muq ‘01 

‘O()fJZ ‘21-8 [!.1dv “J'3 ‘ElUE[l~ ‘S’/?~l?],+J ]VD 
-~l&~~hl~ UO llln~SOdllll~S l7M~ptl.wU~ l/1$ XfJ Ul(~.!l’.~~llYtnpaa3td 

u! ‘suogecydu11 3yeu/(pow.iaq~ pue ]ualua.inscal/\I [wau+ad 
-XTJ :(z()3-3s) ap!xo!a u0q.y) [eymadryj u! l(l!ng3a[aso!leug 
alUl(ztl~ JO UO!Wl[EA~ ‘8U!>I ‘fi’[ PUE ‘(aaL ‘1 ‘l[llH ‘x “I ‘UOSOllO ‘6 

‘0002 ‘8Z W’W UO PW 9Z8‘SE5/60 
(NS) uoymIddv waled 's'n ‘sjouayd w[d pue I!() a[qula 
-8aA moq suaa.i%ung [aAON‘o[zsc~ 'v'l pua“3‘a ‘uolduroC) '8 

‘(666 I ) 6939:IZ 
ma7 ~~ouyoaw~~ ‘zo3 lw!ywadns u! &,og[ 01 3,op UIO.IJ sa.1nl 
-e.1adtua~~c saiema~e~$o uo!ln[osa?J 3gaug paz/(lws-asedg 
'.1auu1ua '3 pue ‘aq3sex 'I\ ‘d[addg-.1ape.1qss 's ‘y '.1aLam.1aAo ‘L 

'(4-661) 1 ~-lp:g/ puzpm~ xag 'y.13 ‘sp!n[d [ecy.13.1adns 
u! i(3g3v amhug '[lawn8 'l'v pue 'ucuya~ ~~~~‘~~~s‘iwue~ ‘9 

‘(566 I) 
Zp- I :&( ‘tL/./0/~WJl0~~ ‘J’7117”“~g ‘SaSCqd ~l?UO!lllaAUO~-UON Ll! 
salukug :al3!i.lv Ma!Aax ‘syzuax y pue ‘s!wmels y ‘Jadaqzs 
'L ‘a8uafl .n ‘,Q.IIZI/V ‘v ‘s!s!~o>I ‘I’d ‘%!uao>I ‘>I ‘iaiopuo3 
's-'l 'saqmo3 'a ‘l[aMadl?a 'v ‘.ianaqwI.to~ .n "v ‘so.raisa[[e~ 's 

‘9~- I .dd ‘666 I ‘vq 
-u!aM ‘H~A-I(~I!M ‘.laUl!Tj ‘M pue dossal ‘f)‘d 4(q pal!pa ‘.y?/J 
~i~~~~~.r~at/n~ 82r!sn .s~.sa~ji~kCS p.~po~/~ u! ‘suo!wza~ le3!ulaq3 
,191 e!pau se spyld le3!1!.1aladns ‘.iaul!aT 'M put? “f>'d ‘dossal 'p 

'( I 66 I 1 8Pz-oPz: I z v~tw3 
“03 [e~y.wadng u! S!S~p3lKIO!g[ ‘I?l/(yWK?~ ‘fl pUE“O‘UOl[~~ ‘E 

'~661 ‘y.10~ MCIN ‘.iayyaa [a3.1eH ‘papucdxa 
pue pas!Aa.r hpa puz ‘.s~.wcky L1o~up18a~ pz11? uoyan~nng 'wazu 
-dOl""aa .St~~~.~.7.Sl/l?S‘~Cq,Cd ‘V‘I/v put? ‘q]WqS "fN‘.f'N 'aM0-J 'Z 

.(OOOZ) 6 1 S-E 1 S:,” ‘DOS ‘llKX/3 110 IL+’ ‘f ‘S.lalSg alElI 
-.1adjo s!saqwLs ‘Moq.1ag yy~ pue ‘olzsey yr“?'a ‘uoldmo3 .l 

~a3ue~s!sse lw!uqsai lua[[a3xa.i!aql.1oj.1o[/(eJ, 1103s 
puu ‘laaL.[jaf ‘qylus 'f a![saT ‘ua.i%a[lcH 'w LIEN yueql s.roqine aql 

‘S~Llt?~X?~.l ~EIlO!)!ppI2 q]!M p&llZq3~J Xj U3qJ p[tlOM 

.IO~CNKV aq~ woddns-aw/Czua aq2 ru0.1~ a.wx!lu uo!meaJ ILW!J 
aql aA0rua.I 01 zo3-3s ql!~ paqsn[J aq /([dvu!s p[noM .iolXar 

aqi uaqL 'q 8~10~ paJ.rgs pw .101383J q3wq e olu! uu2a.w zo3 
-3s r, vy paj aq p[noz swwcay .pazgssaldap aqiou p[noM 

ivy] lo~X?a.! qneq ‘~014 snonupuoyuas e [!slua /C[qv.rajald 

pinorn oad pur! OI/\I~ JO s!saqwh aq3 ~04 awaq3s [eysnp 

-u! ur! ‘a.loJaIaqL .(v[) &s9 le sa[3h uopez!lnssa~dap/(ed~ 

g’p[-) uogez!mssaJd 0~ Jayr! zo3-3s u! ICly!~e [mp!saj 
O~()$-- aSO[ 0) UMOqS U3aq SL’q ‘13AaMOq ‘DXW.lj?U’lh ‘3 UIOJJ 

ased! ‘( 1) suop3eaJ qneq uoymgwsasuw~ da-u!alo!.u aldp 
-Inw azkplm 02 pasn aq uw pa01 IJoddns-amAzua awes aqL 

‘(s) awxy uop3ea.I p3.y aq3 u! anp!sal 

luah[os ou sahk?a[ pue ‘a[qrrmlue~uou‘3~ua8ou~3.n33uou ‘31x01 

4x0~ s! zo3-3s ‘L[[auy .uo!pea.t Pau aq3 u! pauyqo stz~ 3vql 
uoywua3uo3 aql a[qnop s! q3!qM ‘awxy uo!waJ [eug aql 

u! oadpue O~+JJO(M/M) 05,9p 01 spuodsauoz,gJo uo!slaA 

-uo3 0bpL aq3 os[v 'amp aqi Jp3q ueql ssa[ u! pai\a!y3e s! 1~ inq 

‘(%~~)~eau pawoyad suoyea.1 aql u! pauyqo p[a!iC wn!lq![ 

-!nba oad pue 011\ld pau!qmoD aql 01 alqtmdmo:, s! p[a!6 s!qJ 

~08 pus (!sd 00~‘~) edm I 72 1~ q 89 -law 934 40 PW oad 
pue OI/\I+J pawqwoz v ampold 01 pawal aq uw da 01 u!a[o 
-q ~0 ogw I: 1 v ‘suog3ea.I qmq zo3-3s u! s! suope[nLu.roJ 
uaa.c%uns '04 sp!d![ hqlosqe-An uyqo 01 u!a[og ql!M ~ZJO 

uogeny!~a~sasue.Il aql Zu!woJ~ad~oJ poqlalu pmgdo aqL 
'MO[ 001 s! a.wx!w uop3eaJ [euy aql u! a8sua3 

-.d lq@M oad pue ONJ aql ‘alo@w !s[ 01 01 $0 (&IS) 
.IONEJ uoyalo.rd uns E ampo.ld 01 wa!pa.@u! aA!m (M/M) 
og,g~ a.lybal suogynmloj uaamuns [cz!dLL YIO!IO[ IZ OILI! 
pa3tqnuuoJ aq 01 -tap10 u! ~[OJOMI my3 Jav2a.B 1(q painpp aq 01 
amq uaqi plnom q3!qM ‘a.Inlxy uoyeal [r?uy aqi u! oad pue 

OI/\I~ ~0 uoywua3uo3 (M/M) oh02 v u! pa1lnsa.r s!qL .pa.iys pur! 

LP SN33HXNfIS Cl3%‘B-Nl3101~1 


